Gravitational microlensing is a powerful tool for probing the physical properties of quasar accretion disks and properties of the lens galaxy such as its dark matter fraction and mean stellar mass. Unfortunately the number of lensed quasars (∼ 90) exceeds our monitoring capabilities. Thus, estimating their microlensing properties is important for identifying good microlensing candidates as well as for the expectations of future surveys. In this work we estimate the microlensing properties of a sample of 87 lensed quasars. While the median Einstein radius crossing time scale is 20.6 years, the median source crossing time scale is 7.3 months. Broadly speaking, this means that on ∼ 10 year timescales roughly half the lenses will be quiescent, with the source in a broad demagnified valley, and roughly half will be active with the source lying in the caustic ridges. We also found that the location of the lens system relative to the CMB dipole has a modest effect on microlensing timescales, and in theory microlensing could be used to confirm the kinematic origin of the dipole. As a corollary of our study we analyzed the accretion rate parameters in a sub-sample of 32 lensed quasars. At fixed black hole mass, it is possible to sample a broad range of luminosities (i.e., Eddington factors) if it becomes feasible to monitor fainter lenses.
Introduction
The presence of compact objects, primarily stars and white dwarfs, close to the line of sight towards lensed quasar images can induce uncorrelated flux variations through gravitational microlensing. The relative motions of the quasar, the lens, its stars and the observer change the geometrical configuration of these microlenses, leading to changes in the total magnification. These fluctuations, suggested initially by Chang & Refsdal (1979) and Gott (1981) , were first detected by Irwin et al. (1989) in the quadruple lensed quasar Q2237+0305 . Since then gravitational microlensing has been detected in many other systems (see review by Wambsganss 2006) , and in the last 5 years the field has grown rapidly.
Microlensing depends on the size and structure of the source, the relative velocities of the components, the mass of the microlenses and the surface density and shear of the lens galaxy near the images. In particular, a range of approaches have been used to examine the geometry and properties of quasar accretion disks, which are very likely to be microlensed because their sizes are similar or smaller than microlensing length scales. For example the amplitude of microlensing fluctuations are governed by the size of the source, so microlensing light curves can be analyzed to infer the spatial structure of the disk (e.g., Wyithe et al. 2000 Wyithe et al. , 2002 Kochanek 2004 ). This can be done by directly modeling the lightcurves, and the most advanced models include the motion of individual stars which allows explorations of the shape and orientation of the disk (Poindexter & Kochanek 2010a,b) . In addition, if intrinsic quasar variations are due to changes in the area of the accretion disk, there is the possibility of measuring its effects on the microlensing signal (Blackburne & Kochanek 2010; Dexter & Agol 2011) . The continuum sizes estimated with microlensing techniques were used by Morgan et al. (2010) to determine the relationship between the accretion disk size and the black hole (BH) mass, and the scaling they found is consistent with the predictions of the thin disk theory (R ∝ M 2/3 BH ). The microlensing sizes, however, seem to be larger than estimates based on either the observed fluxes or black hole mass measurements (Pooley et al. 2007; Morgan et al. 2010) .
Measuring the amplitude of microlensing as a function of wavelength constrains the temperature profile of the optical emitting region of the disk. Since quasar accretion disk models (e.g., Blaes et al. 2004 ) predict cooler temperatures for more distant, larger parts of the disk, different microlensing magnifications are expected for different temperatures (i.e. at different wavelengths). This wavelength dependence, also known as chromatic microlensing, has been observed and analyzed in many systems (Wisotzki et al. , 1995 Wucknitz et al. 2003; Anguita et al. 2008; Bate et al. 2008; Eigenbrod et al. 2008; Poindexter et al. 2008; Floyd et al. 2009; Mosquera et al. 2009 Mosquera et al. , 2011 Blackburne et al. 2010; Mediavilla et al. 2011) and, except for the results found by Floyd et al. (2009) , the temperature profiles are generally consistent with simple thin disk models (Shakura and Sunyaev 1973) or with shallower temperature profiles that would help to explain the size discrepancies (see Morgan et al. 2010 ).
Microlensing has also been used to study the geometry of the non-thermal emission -3 -regions. For example, the production of the observed X-ray radiation from the disk is currently described by two general scenarios (e.g., Rozanska & Czerny 2000; Sobolewska et al. 2004a,b) but it is still not well understood. Several microlensing studies combining optical and X-ray flux ratios (Pooley et al. 2007; Morgan et al. 2008; Chartas et al. 2009; Blackburne et al. 2010) suggest that the X-ray emission originates in a compact region close to the central BH. However, further studies are needed to verify these results and to determine the scaling of the X-ray emission region with energy and BH mass. The spatial structure of the broad line region (BLR) of quasars has also been explored using microlensing (e.g., Lewis & Belle 1998; Abajas et al. 2002; Sluse et al. 2007 Sluse et al. , 2011 O'Dowd et al. 2010 ).
Finally, microlensing has also been used to study the distribution of matter in the lensing galaxies. Morgan et al. (2008) , Dai et al. (2010) , and Bate et al. (2011) considered individual systems, while Mediavilla et al. (2009) and Pooley et al. (2009) surveyed multiple lens galaxies. These studies consistently favor models where the surface mass density is dominated by dark matter and stars represent only ∼ 10% of the local matter. The exception is the lens Q 2237+030, where the images are seen through the bulge of a nearby spiral galaxy and the models correctly find that the surface density is dominated by stars.
The number of known lensed quasars 1 (∼ 90) is presently much larger than our capacity to regularly monitor for microlensing variability. While some estimates can be made from "static" measurements as a function of wavelength (e.g., Floyd et al. 2009; Mosquera et al. 2011; Mediavilla et al. 2011) , these require strong priors that are subject to systematic problems and cannot probe all the physics involved. Given this problem, it seems useful to survey the microlensing properties of the known lenses to identify those that may have shorter timescales, larger amplitudes, or other properties that make them better (or worse) targets. With that aim, we have joined together the lensed quasars from the CfA-Arizona Space Telescope LEns Survey (CASTLES; Falco et al. 2001 ) of gravitational lenses 2 and the Sloan Digital Sky Survey Quasar Lens Search (SQLS; Oguri et al. 2006) 3 , and we have estimated the microlensing properties of 87 systems. In Section 2 we review the theoretical background on microlensing properties, and the selection criteria for the lensed quasars used in our analysis. In Section 3 we interpret the results and discuss their the main implications. 
Procedure
The magnification pattern caused by the stars and compact objects in the lens galaxy has a characteristic scale set by the Einstein radius of the microlenses, R E . Microlensing fluctuations will be significant if the characteristic source size, R S , satisfies R S R E , and their amplitude will be controlled by R S /R E , with smaller ratios leading to larger amplitudes. The timescales for microlensing variations to occur will be given by the characteristic times t E = R E /v and t S = R S /v, where v is the effective transverse velocity of the source.
Microlensing length scales
The microlensing regime is governed by the Einstein radius of the microlenses, which is defined on the source plane by
where G is the gravitational constant, c is the speed of light, M is the mean mass of the compact objects, and D OL , D OS , D LS are the angular diameter distances between the observer, the lens, and the source.
The other length scale on which microlensing depends is the size of the source, R S , since fluctuations are expected to be important when R S R E . In the case of lensed quasars, the accretion disk should generally be sufficiently compact to satisfy this criterion for typical microlens masses and standard source and lens redshifts. The accretion disk size R S can be estimated assuming a simple thin-disk model (Shakura and Sunyaev 1973) , from either the measured flux (Equation 2), or the central BH mass, M BH (Equation 3). For a thin disk emitting as a black body with temperature profile T ∝ R −3/4 , and (safely) ignoring relativity and inner edge effects, the radius where the disk temperature matches the rest wavelength of the observations (kT = h p c/λ rest ) is given by
where D OS /r H is the angular diameter distance to the quasar in units of the Hubble radius, i is the disk inclination angle, and m is magnification-corrected magnitude. We have normalized Equation 2 to the zero point (zpt) of AB magnitude system (Oke & Gunn 1983 ), but -5 -have primarily applied it to the observed I band magnitudes (λ = 0.814 µm and zpt= 2409 Jy). We refer to this as the "flux size" R I of the quasar. For the same disk model, the disk size can be estimated from the mass of the black hole M BH and the luminosity L as
where L/L E is the luminosity in units of the Eddington luminosity, and η is the accretion efficiency. As discussed by Morgan et al. (2010) , these two estimates should in principle yield the same disk size. However, for typical accretion rate values, L/L E ∼ 1/3 and η = 0.1 (e.g., Kollmeier et al. 2006; Hopkins & Hernquist 2009; Schulze & Wisotzki 2010) , the flux sizes are significantly smaller than the theoretical sizes (e.g., Collin et al. 2002) . This can be rectified by assuming higher efficiencies, or very low luminosities, but this leads to problems for models of black hole growth (Steed & Weinberg 2003; Shankar et al. 2004 Shankar et al. , 2009 ). Dexter & Agol (2011) argue that temperature fluctuations in the disk can increase the effective disk size compared to Equation 2 and rectify these differences. While uncertainties in the BH mass and magnification measurements also affect these estimates, they are generally less important and too small to solve the problem.
Since black hole masses have been measured for only 32 of the known lensed quasars (see below), in most of this work we will refer to the source disk size, R S , as the one derived from the I-band flux in Equation 2 (unless otherwise stated). We adopted a mean inclination of cos i = 1/2 in all cases, and the magnification-corrected magnitudes were calculated from the observed magnitudes of the CASTLES and the SQLS surveys using either already existing lens models (see references in Table 1 ) or corrected by magnifications estimated from simple singular isothermal sphere (SIS) plus shear models. In the case of the systems B0850+054 and Q1208+101, where the position of the lens galaxy is unknown, we adopted a mean magnification µ = 4 . For those systems lacking I-band measurements, but observed at other wavelengths, the size in Equation 2 was calculated for that band and then converted to R I assuming the size-wavelength scaling of the thin disk model R λ ∝ λ 4/3 . We focused on a fixed observed rather than rest wavelength because it is more closely related to observations. Pooley et al. (2007) and Morgan et al. (2010) found that these flux sizes generally underestimate the size inferred from microlensing by a factor of ∼ 2 -3.
We have also estimated the sizes of the BLR, R BLR , although they are less likely to be microlensed due to their bigger extent (e.g., Bentz et al. 2006) . We used the Hβ BLR size-luminosity relationship,
with α = 0.519 and K = −21.3 (Bentz et al. 2009 ). The mean luminosity at rest-frame -6 -5100Å, λL λ (5100Å), was calculated using a quasar spectral energy distribution template (Assef et al. 2010b ) to scale the I-band flux to an estimate of the rest-frame flux at 5100Å.
Microlensing timescales
The characteristic timescales for microlensing variability combine the length scales with the expected effective velocity v of the source. If R S R E , microlensing fluctuations will certainly occur on the timescale t E = R E /v, at which the source moves an Einstein radius. If the source is compact and moving through active regions of the caustic networks, magnification changes are expected on a shorter timescale, t S = R S /v, corresponding to the time it takes the source to cross its own size, R S . The effective velocity has three components (Kayser et al. 1986 ), corresponding to the motions of the observer, the lens and the source. We estimated an effective source plane velocity following Kochanek (2004) as
where σ pec is the one dimensional rms galaxy peculiar velocity at redshift z, v CMB is the projection of the CMB dipole velocity (Hinshaw et al. 2009 ) onto the lens plane, and σ * is the velocity dispersion of the stars in the lens galaxy. We evaluated σ pec based on the peculiar velocity models of Tinker et al. (2011) 4 , interpolating between their fiducial redshifts as log 10 (1+z), with log 10 σ pec km s
where the coefficients a and b are given in Table 2 . We estimated the stellar velocity dispersion σ * from the image separation as
since the velocities inferred from the SIS model agree well with the measured dispersions of lens galaxies (e.g., Treu et al. 2009 ).
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Redshifts
In order to calculate the microlensing timescales we need both the source and lens redshifts. Unfortunately in many cases they are not known. We restricted our study to 87 lensed quasars with known source redshifts. Of these, 33 lack spectroscopic lens redshifts. Table 1 lists the systems and their properties. Where lens redshifts are missing, we used estimates based on the fundamental plane (e.g., Kochanek et al. 2000; Rusin et al. 2003) , the Faber & Jackson (1976) relationship (e.g., Keeton et al. 1998; Rusin et al. 2003) , galaxy colors (e.g., Kayo et al. 2010) , and clear detections of strong, lower redshift absorption lines in the quasar spectra (e.g., Lacy et al. 2002) . As a final resort, we use the maximum likelihood lens redshift for producing a lens of separation ∆θ from a source at redshift z s following Ofek et al. (2003) . In Table 1 we note which method was applied to estimate the unknown lens redshifts.
Results and Discussion
We summarize the microlensing scale estimates assuming a mean stellar mass of M = 0.3M ⊙ in Table 1 . Figures 1 and 2 show the histograms for t E and t S , respectively, where the gray histogram includes only the systems with a spectroscopic redshift for the lens galaxy. The Einstein crossing time has a peak at ∼ 23 years, and ranges from ∼ 8 years (Q 2237+0305) to ∼ 44 years (Q 1208+101). The shape of the histogram can be explained by combining Equations 1 and 7 to find that
Short timescales are rare because there is little volume at low redshifts (the D LS /D OL term), and long time scales are rare because large separation lenses are rare (the 1/∆θ term). The bulk velocity v bulk matters little unless it is very large compared to the lens dispersion. The 5 shortest Einstein crossing timescales (8 t E 12 years) are for Q0957+561, SDSSJ1004+4112, SDSS1029+2623, RXJ1131−1231, and Q2237+030, where the first three systems are lensed by galaxy groups or clusters having higher velocity dispersions. In the case of Q2237+030 and to a lesser extent, RXJ1131−1231, the small lens distance D OL "magnifies" all the velocity terms in Equation 5 to give a short time scale.
Although the characteristic times to cross the Einstein radius are sometimes discouragingly large, the source crossing time scales on which we can see microlensing variations are considerably shorter (Figure 2 ), ranging from ∼ 1 week (B2045+265) to ∼ 6 years (Q1208+101), although in this latter case we assumed the mean magnification correc--8 -tion of a SIS model. The 5 shortest timescale systems are PMNJ0134−0931, B0712+472, SDSS1011+0143, B1359+154, and B2045+265 (1 t S 8 weeks). Unfortunately, small sources also correspond to low luminosity sources, so these tend to be some of the hardest systems to monitor. If a lens is in an active region of caustics it should be microlensed on very short time scales and we found that 17% of the lens systems have t S 3 months, 36% have t S 6 months, and 70% have t S 1 year. Even though our estimates are based on rough approximations, microlensing fluctuations observed in regularly monitored systems like HE 0435−1223 (e.g., Blackburne & Kochanek 2010; Courbin et al. 2010) , RXJ 1131−1231 (e.g., Kozlowski et al. 2011 ) and Q 2237+0305 (e.g., Udalski et al. 2006 ) agree well with our predictions. For those systems we estimated t S ∼ 9 months for the first and t S ∼ 3 months for the other two.
The amplitudes of the microlensing fluctuations are controlled by R S /R E , with smaller ratios leading to higher amplitudes. For M = 0.3M ⊙ all the systems have R S R E ( Figure  3 , black points), and the ratio ranges from ∼ 0.001 (B2045+265) to 0.25 (SBS0909+523). While the exact ratio depends on the assumed mean mass M , it is unlikely that M changes greatly between lenses, so the relative ordering of the systems is principally uncertain due to the uncertainties in R S , where the largest problem is the evidence from microlensing of an offset between R S from Equation 2 and microlensing measurements (Pooley et al. 2007; Morgan et al. 2010 ). In Figure 3 we have marked the systems with microlensing size measurements (filled squares; Morgan et al. 2010 ), and we see that they tend to be systems with ratios 0.01 R S /R E 0.1. The 5 systems with the largest potential amplitudes are PMNJ0134−0931, B0712+472, SDSS1011+0143, B1359+154, and B2045+265. These are due to small sources rather than large R E . Figure 4 illustrates the strong correlation of R S /R E with the total flux of the lens that is expected given a strong correlation of the disk size with luminosity (Equation 2). If we are restricted to systems brighter than 19 mag in the I-band, then the best five systems to search for higher amplitude, shorter timescale microlensing variability are PMNJ0134−0931, SDSSJ0819+5356, SDSSJ1029+2623, SDSSJ1251+2935, and Q2237+0305. While relatively large amplitudes have been observed in Q2237+0305 microlensing fluctuations have not been observed in PMNJ0134−0931 (which may be problematic for other reasons, see Keeton & Winn (2003) ), and SDSSJ1029+2623 is a cluster lens where there may be few stars near the lensed images. In the case of SDSSJ0819+5356 and SDSSJ1251+2935 modest flux ratio anomalies have been observed and better observations are required to understand their origin. In Figure 3 we have also plotted the BLR sizes for comparison (gray points), and although most of the systems have R E R BLR some of them would be likely to show microlensing fluctuations in the BLR. These small BLR-size systems have an obvious correspondence with those having smaller accretion disks.
Since Morgan et al. (2010) found correlations of disk size with BH masses, the next frontier is to search for correlations with accretion states, particularly the Eddington factor. For those lens systems where the mass of the BH has been estimated from line width measurements (Peng et al. 2006; Greene et al. 2010; Assef et al. 2010) , we have calculated R λ for L = L E and η = 0.1 based on Equation 3. In Figure 5 we compare these to the disk size estimates from the I-band flux, R I , using Equation 2. As noted by Pooley et al. (2007) and Morgan et al. (2010) , we see that most of the systems lie below the one-to-one relationship. The mean offset corresponds in Equation 2 to an Eddington efficiency factor of log(L/ηL E ) ∼ −2.2. If we can use the flux size from Equation 2 as an estimate of the disk size in Equation 3, we can estimate the Eddington term as (L/ηL E ) ∝ R
BH , as shown in Figure 6 (top panel). The strong trend with BH mass and the presence of extreme values suggests that this may not be a reliable indicator of differences in accretion state at fixed BH mass. Alternatively we could simply examine the distribution of magnification corrected luminosity 5 with black hole mass, as also shown in Figure 6 (bottom panel). It certainly seems possible to sample a relatively broad range of source sizes at a fixed M BH given the distribution of either the Eddington term estimate or the intrinsic luminosities. The problem again is that most of the low luminosity quasars with low Eddington factors and small R S are also faint. Quantitatively exploring these systems will likely require deeper surveys such as the Large Synoptic Survey Telescope 6 (Gilmore 2006 ).
Finally, we note that the dependence on the projection of the CMB dipole velocity (Hinshaw et al. 2009 ) means that microlensing variability should be enhanced along the equator of the dipole and suppressed along the poles. Figure 7 shows the distribution of the Einstein crossing timescales as a function of the cosine between the dipole and the lens positionsd c ·r. While there is significant scatter due to the differences in redshift and sizes, a modest trend is present for the systems with spectroscopic redshifts (filled squares), and excluding systems lensed by galaxy groups or cluster (triangles) since their higher velocity dispersions overwhelm the dipole contribution. Since the CMB dipole contribution is only one of three similar velocity scales in Equation 5 it is never a dominant effect. At present, the CMB dipole is useful as a prior on microlensing models and to help select lenses with shorter variability timescales, but, in theory, microlensing could be used to confirm the kinematic origin for the dipole. Measurements of the sizes with microlensing tend to be a factor of 2−3 larger.
-22 - Fig. 3 .-Distribution of lenses in source size R and Einstein radius, R E . The dashed lines mark various size ratios and microlensing fluctuations will be stronger for smaller values of R/R E . Squares and triangles (black points) correspond to flux size measurements R S (at I-band), where squares represent systems with spectroscopic redshifts for z l , and triangles those with only estimates. Microlensing measurements suggest R S underestimates the effective source sizes by factors of 2−3 (Pooley et al. 2007; Morgan et al. 2010) . Hexagons and diamonds (gray points) correspond to BLR-size estimates, R BLR , for systems with and without spectroscopic lens redshifts, respectively. The red point corresponds to the lensed quasar Q 2237+0305.
-23 - Fig. 4 .-The ratio between the flux size and the Einstein radius, log [R S /R E ], as a function of the observed (total) I-band magnitude, m I . Squares correspond to systems with spectroscopic redshifts for z l , while triangles indicate those with only estimates. The filled symbols indicate the lenses from Morgan et al. (2010) with microlensing size measurements, and the red square corresponds to Q 2237+0305. Under the assumption of Equation 2 that the luminosity determines the disk size, the systems with the greatest expected level of microlensing variability will also tend to be faint. There is a weak trend with the location of the lens relative to the dipole. 
